In this paper, the kinematic structure of the geared robotic mechanism (GRM) is investigated with the aid of two different methods which are based on directed graphs and the methods are compared. One of the methods is Matroid Method developed by Talpasanu and the other method is Tsai-Tokad (T-T) Graph method developed by Uyguroglu and Demirel. It is shown that the kinematic structure of the geared robotic mechanism can be represented by directed graphs and angular velocity equations of the mechanisms can be systematically obtained from the graphs.
II. MATROID METHOD
In this section, Matroid method […] is applied to the sample Geared Robotics Mechanism (GRM) to obtain the kinematic equations. First, its digraph is sketched and corresponding matrices are obtained. Then, we calculate relative angular velocities by using these matrices and Screw theory.
Associated digraph and corresponding matrices:
The mechanism in Figure 1 ). The following labeling, which is assigned to links and joints of sample mechanism, is used in Matroid method […] :  0 is assigned to ground link.
 1, 2, 3, 4, 5, 6, and 7 are assigned to gears and carriers.
 8, 9, 10, 11, 12, 13, and 14 are assigned to turning joints. 
The entries of an Incident Node-Edge Matrix are 1, -1 and 0. Each column represents an directed edge which connects two nodes and contains two nonzero entries. The arrow head side is 1 and the other side is -1. Reduced Incident Node-Edge matrix Γ is obtained by deleting the first row where rows of this matrix are independent. Since k t c  , Γ consists of two sub-matrices: G and * G which correspond to turning and gear pairs respectively. 
Now, regarding to associated digraph in Figure 2 , we can obtain Path matrix as follows: 
Actually, one can obtain Cycle-Basis matrix from Figure 2 directly.
1) Independent equations for relative angular velocities:
In this part, we obtain relative angular velocity equations of joints by means of Screw theory and then define output relative velocities in terms of inputs. Let consider the dual vector (Screw) in Eq. (6):
This 61  matrix can define spatial geometry of z-axes of local frames attached to k joints. Note that each of these local frames has unit vector 0 a n d 9 0
° and unit vectors of revolute joints are:
. The second vector is the position vector of with respect to the reference frame:
where
is distance vector which orients from c to k and it has the form:
According to Table 1, components of position vector are: , , , , , 
Here, we define twist matrix as a product between screw and relative velocity variables of pairs
where k θ is partitioned into two sub-matrices,   (18) In Eq. (17), , ct P are coefficients in terms of pitch diameter. These scalar coefficients are used to acquire independent equations of relative angular velocities. For sample mechanism, these independent equations are expressed in Eq. (19): 
Moreover, we will later rewrite these coefficients in terms of gear ratios in Eq. (24) ; ; ;
Up to here, we obtain a set of independent equations for relative angular velocities of turning pairs including input pairs and output ones. Now according to Kutzbach criterion […] in Eq. (21) , we can calculate output relative velocities in terms of input relative velocities:
where E is the number of inputs (Degree of Freedom), t is the number of turning pairs and r is the number of outputs (rank of Cycle-Basis matrix). So Eq. (17) 
Note that in Eq. (24), we changed the order of third and fourth columns in P matrix and third and fourth rows in θ vector compared with Eq. (19) .
According to Eq. (23), we can obtain independent equations for output relative velocities in terms of gear ratio for the sample mechanism:
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III. TSAI-TOKAD (T-T) GRAPH METHOD
On the functional schematic of the GRM shown in Figure 3:  0 is assigned to the ground. is:
Where 2 As it is seen from Fig.5 , the turning pairs constitute the tree branches.
Then, the graph representations of the gear pairs are drawn for completing the graph. At this point, it is required to determine the transfer vertices representing the carrier arms for the gear pairs (4,1), (5,2), (6, 7) and (7, 3) . In order to determine the transfer vertex, we will start from one of the node representing the gear in meshes and go through the tree branches to reach the other node representing the other gear. The vertex on this path, which has different levels on opposite sides is the transfer vertex. Therefore the sets of gear pair and corresponding carrier arm are (4,1)(0), (5,2)(1), (6,7)(2) and (7,3)(2). For the kinematic analysis of the GRM, we will consider only the angular velocities. Therefore the following terminal equations can be written by using Eq. 00 0 n n n n n n n n n n n n n n n n n n n w w w w w w w
If we use the same notations for gear ratios as shown in Eq. (20) , , a n d
Then the following equation is obtained which is the same as Eq. (25 Therefore using terminal equations of the gear pairs, fundamental circuit and fundamental cut-set equations kinematic and static equations of the mechanism can be obtained. This example shows that kinematic equations of the GRM can be obtained more easily than Matroid Method by using T-T Graph method. The only advantage of the Matroid method is the derivation of the relative velocities of the gears with respect to carrier arm. Since it uses the diameter of the gears and the diameters are written relative to the reference frame, the sign of the gear ratio is obtained directly without considering the turning direction of the gears.
